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Results Robustness 


ANA Core[=\ {late mrolare med anlelt-tilelamO\Viste) mastsiel imc 
- Robust if output is relatively stable with respect to changes in input parameters 


- Sensitive if small perturbations of particular input parameters produce dramatic 
changes in results 


“Sensitivity Analysis is the study of how variation 
in the output of a model can be apportioned, 
CLUVBLeTURYca he) OLUE-UOLOLEALUAU SI RAM KO MONDE RON LMOLENKOLSh 
of variation (input) and how the given model 
depends upon the information fed into it.” 

- Saltelli 
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¢ Partial Rank Correlation Coefficient (PRCC) Analysis 


— Provides a measure of the linear relationships between input 
parameters and output parameters when all linear effects of other 
Variables are removed aijter rank transformation. 
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Efficient Interrogation of Parameter Space = 
Latin Hypercube Sampling ‘ca 
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Latin Hypercube Sampling (LHS) 


¢ Sampling method without 


replacement ] 
¢ Improved sampling of distribution } Sal 
“tails” 
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convergence in fewer samples than 
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as much as 30% 


* Is not affected by the number or 
size.of.the parameter space in 
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https://mathieu.fenniak.net/latin-hypercube-sampling/0 
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Lumped Cardiovascular System Model: ce 
Modified Lakin et al: 16-compartment model P= 
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Jenene | * Compartments 
3 represented at 3 heights 
¢ cranial, upper, lower 
¢ Baroreflex regulation of 
arterial pressure included 


< " 
Compliance 


CSF/CNS Space 


Intracranial Arteries (ICA) 


Venous Sinus Jugular Vein (JV) 
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Central Veins (CV) 


Lower Arteries (LA) 


Lower Veins (LV) 
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— Supine steady-state parameters 
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supine pressures and flow rates with the physiological 
parameters to assess a: 
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¢ Fixed inter-compartment resistance per flow interface 
¢ Estimates of Parameter ranges 
— Range set at +/-10% (uniform distribution) 
— Model pained re\imer= cel t= (eme)o)(0)0] melmolOLOOmanlianalia 
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amie ustions for ~2.5 Minutes of simulation time 
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Mean pressure in lower veins Mean pressure in ventricle CSF 


Supine: 
Small 
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pressure, 
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Lower Vein Pressure (P12) 


Ventricular CSF (P5) 


% Blood Lower P Ventrical CSF 


% Blood Central P Cent. Art 
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Distensibility Lower Art cffg 


P Central Capillaries pc0207 
total blood volume czfv 
% Output Intrcranial rzfv 


pc0207 pc0706 


* Supine position sensitive to initial Central Arterial Pressure 
«Venous pressure dominated by variations in initial flow 
° CSF space by initial compartment pressure. 
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Estimated Total Sensitivity of Model 


Parameter Ranks for Entire Model 


% Blood Lower 
% Blood Central 
P Cent. Art. i — Stil 
P Lower Capillaries | 
% Output Intrcranial rrr 
P Intracranial Veins 
Distensibility Cent. Art. i 
P Central Capillarics 
total blood volune SSS) 
Distensibility Lower At 
V Intracellular [i 
P Jugular Vein 
pc0207 
czfv 
P Rest of Body 
P ex-ventricular CSF i 


Out Love Rr Standing The initial distribution of blood flow in the 


cfig i 8 
ve as central and lower compartments exhibits a strong 
a —————__—__ influence on model performance. 
rziv dj . . 
Total Capillary Fitraion Rate Also noted as influential: 
pco706 i 
P Lowe: Veins - Central Artery Pressure 
- Lower capillary pressure, used to determine the 
reference lower capillary resistance as the base state 


P Cap. Lower Art. 
of the a regulation of capillary resistance 


Parameter Name 


P Lower Art. 
czaf 
rzaf 

pc0109 

pc0911 

pc0908 

alphaaf 

alphafv 

C Ex-Vent to Veins 
Compliance Cent. Art.- Ex-Vent 
Flow CSF Ex-Vent to Vein 
Flow Brain to Vein 

% CSF Drain Venous Sinus 
% CSF Choroid Plexus 

P Choroid Plexus 


Note: Not Regression coefficients. These are relative 
PGaBates eecreria ranking of highest rank compartment pressures 


Total CSF Formation | | | | | | | | | 
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(lumped) 
EYE MODEL (lumped) EYE MODEL (finite element) 
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Peak Strain (%) 


- Se eed Feola et al. Invest Ophthalmol Vis Sci. 2016 


; Dotted gray box indicates the normal physiological strain range under 1g conditions 
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Cumulative Influence Factor 
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RV Young’s Modulus 
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¢ Sensitivity analysis of lumped CVS model identified parameters of 
Sige) ale [=s>) mia lile(s)alersm- lace m ole) e)0|r-1ile)am e>)ace)aaer-laler> 
— As expected, most sensitive parameters change with model orientation 
¢ Central Artery Pressure, a corollary to MAP, is influential in both orientations 
— Arterial flow distribution appears to be the major influence in standing 


¢ Regulatory mechanisms likely damp some effects, although they exhibit sensitivities 
to calculated reference values of regulated parameters 


¢ Extending uncertainty propagation techniques results in powerful method 
ifo)a@m=><-lpalialiare maal=m ole) e)0]t-lile)am ey-le-lpaloi(-larsy er-lers 
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“extreme strains” in the optic nerve under assumed microgravity conditions 
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to relatively slight variations in parameters. 


- Robust if output is relatively stable with respect to changes in input parameters 
- Sensitive parameters produce large changes in results from small perturbations 


“Sensitivity Analysis is the study of how 
VF-lar-hile)a Mia mtaswelul(e)0)me)m-lmaalele(-]mer-lamel- 
apportioned, qualitatively or quantitatively, to 
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idal=meihVs) alm paleye(=)me(=) e\-)alelsw0) ele )amialomialce)aaar-iele 
fed into it.” 

- Saltelli 
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physiological range with elevated ICP __ syewetied NOE 
Peak Compression Peak Tension 
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factor for all model - 
] Nn puts ON Young’s Modulus 
LC Young’s Modulus 
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embedded with Prelaminar Young’s pales 
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¢ ON and LC stiffness MAP 
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